Experimental Section
Chemicals: Cadmium oxide (CdO, 99.99 %), selenium powder (~100 mesh, 99.999 %), trioctylphosphine oxide (TOPO, 99.0 %), tellurium powder (~200 mesh, 99.8 %), trioctylphosphine (TOP, 97 %) were purchased from Sigma Aldrich. 1-tetradecylphosphonic acid (TDPA, 98 %) was purchased from Alfa Aesar. HPLC graded methanol, acetone, chloroform are purchased from Merck. All the Chemicals were used as obtained without any further purification.
Instrumental methods and spectroscopic investigations: All photophysical measurements were carried out at room temperature in a quartz cuvette having a path length of 1cm (Starna, USA).
Absorption spectra were recorded on UV-Vis-NIR spectrophotometer (model, and emission spectra using spectrofluorimeter (model, Horiba Jobin Yvon-Fluorolog 3). All steady state emission studies were carried out by exciting the solution at 450 nm keeping the excitation as well as emission slit width as 2 nm. Emission lifetimes were measured using picosecond time correlated single photon counting system (model, Horiba Jobin Yvon-IBH). Solutions were excited at 405 nm using a pulsed diode laser (NanoLED having <100 ps pulse width; repetition rate was fixed at 250 KHz). Emission decay of all nanorods were collected at a long time scale using time to amplitude convertor (TAC) in the range of 1 µs over 1024 channels (0.97 ns per channel). The detection system consists of a microchannel plate photomultiplier tube having an instrument response time of 38.6 ps, coupled to a monochromator (5000M) and TCSPC electronics (Data station Hub including Hub-NL, NanoLED controller). The luminescence lifetime values were evaluated using DAS6.3 fluorescence decay analysis software. The fluorescent decay curve was fitted with triexponential decay fit. The goodness of the fit was judged by χ 2 = 1±0.2 values and S4 residual plots. The average lifetime (τ avg ) of both CdSe as well as CdSe-CdTe nanorods were analyzed using the Equation S1.
where τ is the emission lifetime and α is the pre-exponential factor with subscripts 1, 2 and 3 representing various species. HRTEM analysis was carried out using FEI Tecnai 30 G 2 (300 kV) high resolution transmission electron microscope. The samples were prepared by drop casting the same solution used for spectroscopic investigation (75 µL) onto a carbon coated copper grid and solvent was allowed to evaporate. Particle size was measured using Gatan digital micrograph software. STEM and EDAX measurements were performed along heterojunction nanorods using FEI-TITAN3 working at 300 kV. X-ray diffraction (XRD) analysis was performed with a PANalytical X'Pert Pro diffractometer with Ni filtered Cu-Kα line of wavelength 0.1540598 nm (2θ varied from 10 o to 60 o in 0.02 o steps). Femtosecond transient absorption studies were carried out using the following instrumental set-up: Tsunami Oscillator from Spectra Physics is used as the source for generating 800 nm laser with repetition rate of 80 MHz. A part of this beam acts as the seed for regenerative amplifier, Spectra-Physics Spitfire, which produces 1 KHz, 800 nm output with 4 mJ energy. Pump pulse is generated by passing one part of the beam (1 mJ) from the amplifier through BBO crystal, which produces 400 nm light by frequency doubling. After adjusting the pump power with neutral density filters, it was focused to the sample taken in a rotating quartz cell with 400 µm path length. The residual fundamental laser from the BBO crystal is passed through a motor controlled delay line inside an ExciPro pump-probe spectrometer from S1 S5 CDP Systems. This beam was focused to a rotating CaF 2 plate of 2 mm thickness to generate white light. Probe and reference pulses are made from continuum of white light by using a 1:1 beam splitter. Transient absorption spectra were recorded using a dual diode array detector with a 200 nm detection window. IRF of the instrument was determined from the two photon absorption in a mixture (1:9) of benzene in methanol and was found to be approximately 120 fs at 530 nm. 
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